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(54) COMBINED CYCLE POWER GENERATING PLANT AND METHOD OF SUPPLYING COOLING 
STEAM FOR GAS TURBINE IN SAME \ 

(57) In combined cycle power plant comprising 
combination of gas turbine plant and steam turbine 
plant, gas turbine cooling steam temperature is 
adjusted appropriately so that gas turbine can be made 
of easily obtainable material. 

Steam supplied from intermediate pressure evapo- 
rator is mixed into cooling steam supply passage for 
supplying therethrough exhaust steam from high pres- 
sure steam turbine into gas turbine high temperature 
portion as cooling steam, thereby cooling steam tem- 
perature is lowered without lowering of entire efficiency 
and material of less heat resistant ability becomes usa- 
ble as material forming the gas turbine high temperature 
portion to be cooled so that design and manufacture of 
the gas turbine may be satisfied by less expensive and 
easily obtainable material 
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Description 

BACKGROUND OF THE INVENTION: 
Held of the Invention: 



[0001] The present invention relates to a combined ' 3 
cycle power plant in which a. gas turbine plant and a 
steam turbine plant are combined and a cooling steam 
supply method for a gas turbine in operation thereof. . id 

Description of the Prior Art: 

[0002] A combined cycle power plant is a power sys- 
tem in which a gas turbine piant and a steam turbine is ; 
plant are combined, wherein a gas turbine takes charge 
of a high temperature section of thermal energy and a 
steam turbine takes charge of a low temperkture sec- 
tion thereof, so that the thermal energy is recovered for 
an effective use thereof and this power system is now 20 
being paid a high attention to. 

[0003] In the combined cycle power plant, research 
and development are being carried out aiming at a 
higher temperature gas turbine as one means for 
enhancing the efficiency \ 25 

[0004] On the other hand, in order to attain such a 
higher temperature, improvement of cooling system 
which takes account of heat resisting ability of turbine 
structural elements must be pursued and ks the result 
of various tries and errors, a steam cooled system 36 
which uses steam as cooling medium, instead of a prior 
art using compressed air. is in progress now. 
[0005] One example thereof is the Japanese laid-open 
patent application No. Hei 05(1993)1 63S6orwherein a 
cooling steam is obtained from intermediate pressure 35 
steam of a waste heat recovery boiler but there is 
obtainable no sufficient volume of the steam resulting in 
difficulty to effect a stable and secure cooling, 
[0006] Thus, as a further progress thereafter, putting 
eyes on a sufficient volume and a stable cooling, a cool- <b 
ing system using exhaust steam from a high pressure 
steam turbine as the cooling steam is now being devel- : 
oped. 

[0007] In the prior art steam cooled system as men- '" 
tioned above, progress has been done from the system y W 
using intermediate pressure steam as trie codling 
medium to that using high pressure exhaust steam with 
result that the practicality has been enhanced further, . 
but the high pressure exhaust steam is of a nigh temper- 
ature at same time, hence a gas turbine fi^h tempera- 50 
ture portion which is a portion to be cooled must be 
made of a selected material which can resist such a . 
high temperature. . . 7 1 X''*' ' 

[0008] A high temperature resistbl e n^erjai, . being 
required to be of properties necessary fc^^t^tbnEd;' ) W 
becomes very expensive and in case of a Turbine, disc^' ^ 
among others, for exarnple, there is a Ja>g4 <4ff(cul,ty wT 1 . t 
obtaining an appropriate material therefor witHirt lirnited' . 1 1 



conditions of price and the like and this leads to a seri- 
ous problem in tine design and manufacture of the plant 

SUMMARY OF THE INVENTION: 

[0009] In view of the problem iri tfie prior aft, it is an 
object of the preseirt invention to provide a combined 
cycle power plant and a cbofing steam supply method 
for a gas turbine thereof wherein cooling steam used as 
cooling medium is appropriately adjusted of its temper- 
ature With a functional stability of steam cooled system 
being by rib means damaged; so thait the gas turbine 
can be msicle of &n easily obtainable material: l 
[0010] In order to attain said object, a first invfentibh 
hereof provides, 1 

a comoihe<d cycle power-plant comprising combina- 
tion arii gas iurbirte plant a waste heat recovery 
boiler aria a steam turbine plan!, 
said gas turbine plant being constructed of a gas 
turbine, an air compressor driven by said gas tur- 
bine anda combustorftr burning fuel together with 
compressed air supplied from said air compressor; 
said waste heat recovery boiler being for generating 
steam by exhaust heat of said gas turbine as heat 
source and being constructed of portions, mutually 
connected by pipings, of a high pressure steam 
generating portion, an intermediate pressure steam 
generating portion and a low pressure steam gen- 
erating portion; sad high pressure steam generat- 
ing portion comprising ahrgh pressur e economizer; 
a high pressure feed waiter pump, a high pressure 
evaporator and a high pressure superheater, said 
intermediate pressure Steam generating portion 
comprising an intermediate pressure economizer, 
an intermediate pressure 1 feed water pump an 
mtermetfiate pressure evaporator and an intermedi- 
ate pressure reheater, and said low pressure steam 
generating porton comprising a low pressure Econ- 
omizer; a tow pressure' feed wafer pump a low 
pressure evaporator arid a low pressure Super-'* 
heater, and* 1 " " 0 ' ■<■ - 

sad steam turbine plaiiit being' constructed of 
steam turbines, mutually connected by pipings, of a 
high pressure turbine, an intermediate pressure tur- 
bine and a' low pressure turbine; said high pressure 
turbine' bd^ r? ^p|>ifed yrith high* pressure - J 6team 
from sdid high ^^uV&^e^rn gleneratirig portion; * 
said irrtermediate pressure J tiiit^Ae''b^&ig supplied 
with interrri^i^^^^ irtter- 
mecfiate pressure steam generating fortiori; and 
said low pressure turbine being supplied with low : 
pressure s&Srn frarh ■ siud k^'^^uV^stcsani^geifl-' 
erattng portion; • 



character^ed in that steam si^^ 'from isaid- ! 
cooling steam saili^ 

through Skhausiy&^ : " : 
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bine as;;eooiing s$eam .ir$p. . a, $\Q§ t J$^&^rfi .> 0 ?( 
portion to be cooled of said gas turbine. 



[001 1 ] That is, in the first invention, the exhaust steam 
from the laigfci pressure turbinei^.fir^t/sel^ted as,: the $i>i. ; -, 
cooling noedkim. of the gas^turbin^ .^gh : tp^^ratMre ?( / hry 
portion. Then, the intermediate pressure » sJ(egm ^u^,^. i0: ' t , 
plied from. the intermediate pressure..eyapp/ator of -. Ht> o ,f 
waste heat recovery bpiletis mixed into exf^ust n ■ .^j)^ 
steam from the high pressure turbine,, so. tr^the ^ \ 
ing medium. &f lowered temperature js made up ^r^J y{ tt| .._] f j 
supplied into the gas, turbine hjgJ^ter^er^W [\ \ 

for coolingctber^. _ %l f * l0 r?1 ^ m ot wl . JO ^ f 0) *J^j)14J Th<at Is, in the second invention, the exhaust 
[0012] Thus, the high pressure exhaust steam, w^j^, (t J !^^am from the high pressure turbine is first selected as 
is sufficient in volume, is mixed with the intermediate is the cooling medium of the gas turbine high temperature 
pressure steam, whi^. is of a lower tenpera^e^,^ rio:y portion. Ther^ } said exhaust steam is not directly used 
a pressure .nearly equal, Jo th$t of thesis*) <pres^$., n . tJ as the cooling stom as it is to be supplied into the gas 
exhaust steam, so that the high pressiJ^,^!^ stggm^ ^ \ turbine high^^|^i|i^e portion but is Heat-exdhdnged 
is lowered pf.tenjperature antf the high K^^^Sl^^i ' 



with intermediate pressure steam from said inter- 
mediate pressure steam, generating portion; and 
said low pressure turbine being supplied with low 
pressure steam from said low pressure steam gen- 
erating portion; 

characterized in that a passage to be cooled by fuel 
of said gas turbine is provided to a cooling steam 
supply passage for supplying therethrough exhaust 
steam from said high pressure turbine as cooling 
steam into'a high temperature portion to be cooled 
of said gas turbine. 



, 1 *«"*>; 

tion to be jcoojed of the gas turbige : Gan^p > 5r^q l f>f & ; j.3P, 
material pf less he^t resistant a^Ui^^n^s^g qqq\^ , j 
ing can be effeciecj without 

ciency. r .. ■ h ;0 * ,, n ; : ^ ■ . ;>VXOl ; fl8lri r>| iU 
[0013] A seognd iiwrtot^&^pro^eG£ , r> iv > 3 v ,; f/ , p , ;:1 

a combyae^l eyclspower pJan* (^mprisir^q^^ 
tion ofi ^g^slwi&^'i^^.,,^- l^t^^h^f^cw^^. , f 
boiler ^^s^^i^ftRjar^;, h,:/^-*^ r ^r-v 
said gas,!Wfc%$^ . . ; 

turt>ine 4 ^ri t ^^mpr^sp5 flwep fty.^i^ g^s tiir- . 3p tt 
bine ai# : aporo^ta^ 

compcftssed (^supplied :. 4 frQm.. 3aki »<)pff^e&^5>r^. „ § . . 
said w^staheatje^ery b($er,teing^ 
steam by .exhaust tpeat of said gas turbine .Wfljfltv^v! 
source^and ^ing.qorjstructed of portions, mutu^ly 35 
connejftj^^^^s. ,of ,a v high pr^s^VeV^^^t^ 
gener^ng^k^n, ^ intermediate pres^jre^sjt^^ . 
generating pprtiog jaixl a r jow prjessqrei .steam ^..^j 
eratir^pqrtiorjj .said high pressure ,$te$m ^eperat-^ .1 ? # ; 



ing portion CQrpr^isjjig a high pressure ewnornizer, 
a high pressure feed water pump, a high pressure 
evaporator and a high pressure superheater; ,sa|ci 
intermediate ^ p^assure : jSteam generating -ppr^jon 
conprisjng. 3n.4qtjerm^cli^te .pr^ure u^np^*zer,V 
an interme^ 

imerm^iate p^^sure ^vaporejtor pn^fan in^rmed(- 
ate prqs^grj? rpj^er;;^. sak^ igw pr^ur^t^m 
generaflnp porjipp c^mpr^ipg^low^r^s^ 
omizer, Ipw^sV*^ low f 

heater^an^ iv/ j^,^^ fVjk ^ ; flklujt w^&J 

steam turbines, mutually connected by piping$ v of a 
high pr^ffVVl^W^ 11 ^^ 

tiirbin^ ^^^suf^Jj^.^ steam 
from s^jd.^jghr^^ 

said intermediate pressure turbine being suppled 



45 



50 



55 . 



with the gas turbine { fuel to be lowered of temperature 
and then supplied into the gas turbine high temperature 
portion for copljng thereof. 

[0015] There is available as the cooling steam a suffi- 
cient amount of the ^haust steam of the high pressure 
turbine, but this exhaust steam is of a high temperature 
at same time, hence jt is heat-exchanged with the gas 
turbine fuel to be lowered of terrperature. thereby the 
gas turbine high, temperature portion to be cooled can 
be made of a material which is of a less heat resistant 
ability and yet a stafile cooling can be effected without 
the entire efficiency being lowered. 
[0016] A third invention hereof provides; 

a combined cycle power plant comprising combina- 
tion of a gas turbine plant a waste heat recovery 
boiler and a steam turbine plant; ' 
said gas turbine pfant being constructed of a gas 
turbine, an air compressor driven by said gas tur- 
bine and a combustor for burning fuel together with 
compressed air supplied from said air compressor; 
said weif tie. heat recovery boiler being for generating 
steam by exhaust Heat of said gas turbine as heat 
source' and being constructed of portions, mutually 
connected b£ pjpjngs, of a high pressure steam 
genera^ng pprtipn, ah intermediate pressure steam 
generating portion Wid a low pressure steam gen- 
erating priori i; ^kj Wgh pressure steam generat- 
ing portioi cor^fejncf a high pressure ebohomizer, 
a high pressure feed water pymp, a high pressure 
evaporator and ^ high pressure superheater; said ' 
intermediate ]p^ssure ; steam generating portion 
comprising ah intermediate pressure economizer, 
an intermediate pressure feed water pump, an 
intermediate r^ressjure evaporator and an intermedi- 
ate pr^s^reYe^^er ; and >kid Idw pressure stSdni 
generating porto^ a low pressure ecdn- ; 

omizer, ^ a .ip^^^SMre teeri 'Vvater punp, a low 
pressure^ : ey^r^|br Wr^'a l&w pir^sure super 
• heater;" 1 
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said steam turbine, plant being constructed of 
steam turbines, mutually connected by pipings, of a 
high pressure turbine, an intermediate e pressure tur- 
bine and a low pressure turbirie; sad high fressure 
turbine being supplied with high pressure steam 
from said high pressure steam generating portion; 
said intermediate pressure turbWe b^ftg supplied 
with intermediate pressure steam from said inter- 
mediate pressure steam generating portion; and 
said low pressure turbine being supplied with low 
pressure steam from said low pressure steam gen- 
erating portion; 

characterized in that a reheater is provided as a 
means lor reheating steam which has cooled a High 
temperature portion to be cooled of said gas tur- 
bine. 

[0017] That is, in the third invention, the construction 
is such that the steam which has cooled the gas turbine 
high temperature portion can be led into the reheater so 
as to be reheated there, thereby even if th4 cooling 
steam after used for cooling of the gas turbine is not 
high enough for a predetermined temperature for rea- 
son that the gas. turbine is not of a high terrperature 
enough or the cooling has not been effected sufficiently 
or the like, then the cooling steam is reheated by the 
reheater and a necessary heat for the downstream 
steam turbines such as the intermediate sieam turbine 
can be secured resulting in enhancement of the thermal 
efficiency. , , , \\ 

[0018] A fourth invention hereof provides; 

a combined cycle power plant comprising combina- 
tion of a gas turbine plant, a waste heat recovery 
boiler and a steam turbine plant; , . 
said gas turbine plant being constructed of a gas" 
turbine, an a«r compressor driven by said gas tur- 
bine and a combustor for burning fuel together with 
compressed air supplied from said air compressor; 
said waste heat recovery boiler being for generating 
steam by exhaust heat of said gas turbine as heat 
source and being constructed of portions, mutually 
connected by pipings, of a high pressure steam 
generating portion, an intermediate pressure steam 
generating portion and a low pressure ^eam gen- 
erating portion, said high pressure steam generat- 
ing portion comprising a high pressure economizer, ; 
a high pressure feed water pump, a ftigii pressure 
evaporator and a high pressure superheater; said 
intermediate pressure steam generating portion 
comprising an intermediate pressure, economizer, 
an intermediate pressure feed water pump, an 
intermediate pressure evaporator and an'intermedi 1 
ate pressure reheater; and said low pressure pteam 
generating portion comprising a low pressure eqbrv ! 
orrazer, a low pressure feed water^ump, % tow 
pressure evaporator and a low pressure super- 
heater; and 
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said steam turbine plant being constructed of 
steam tu'rbln^ of a ' 

high pressure turbine, an intermediate prendre tur- 
bine and a tow pressure turbine; said higft pressure 
foibin^beln^ suppled with 5 high pressure steam 
from said high pressure 'steam generating portion; 
said interrrtecBate pressure turbine being suppUed 
with intermediate pres^e steam from said inter- 
mediate' preis^e-^eSrh generating portion; and ■'■ ] 
said tow pressure "turbine being supplied with low 
pressure steam from said low pressure steam gen- 
erating portion; 

characterized 4n that a high pressure turbine Jay- . 
pass pas age is provided for connecting a super- . l 
heated ste&ii'sUppIy passage for su^ying there- ; • 
through^ superheated ■ steam from ^said high 
pressure superheater ihto said tiigjh pressure^.- 
bine and ^cooling sfearhs supply passaged supn v 
plying thereihrough ^exhaust steam from said high 
pressure tUrbine as cooling steam into a high tem- 
perature portion to be cooled of said gas turbine. : < 
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[001 9] Th&t is; according to the fourth invention, when 
the plant is to be started in accordance with operation 
25 procedures such as in WSS where the plant stops once 
a week, iri OSS where the piant slop once k day or the 
like, the gas turbine is warmed upm advance by use of 
the auxiliary boiler or its own compressed afr : 
; a initial steam ^erief^^^'^e own boiler is su*>ptied into 
the cooling steam passage al the gas turbine via the 
high pressure turbine by-pass passage, so that die 
warming-up is assisted to be decelerated. - :; 
[0020] And when ^e own boiler st 
tial steam^^'^^^tiaifl td be generated staibly, trie high 
pressure turbfrie by-pass passage is- closed and the 
high pressure superheated steam is led into the high 1 
pressure turbine and the situation is changed gradualty 
So that the cooling of the gas turbine is done by the high 
pressure exhaust steam from the high pressure turbine, 
thereby there is caused no thermal Shock: etc/ and' the 
' cooling of the ga£ turbine can be* done stably 
[0021] A fifth invention hereof provides; u < • 

a cooling steam supply method -1h^th : e w obnil^hed-- ; 
I cycle power plant as mentioned irr the first inven- 
tion, characterized in that said gas turbine is sup- 
; plied with the ccto^ 
f power plarit^ 
' *' "' ' " \[ perature of said high pre^re tjrbirie^V set to 
so ; appro^rti^^ r 566^d, ihJer pressure^ of • s&io* High" 
' pressure tuftoihe is a^fe 
; . 7 exhaust' . steam ' of k^;;hi^; : ^^uire turbine 'is; 
maintained lift. fefr^ature : W 330 : to '2&F<§ and 

pressure ktsStifflSBir* :l 5 

?w-«di-s?fl:l-7feVi 
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,[0022] Thaii^^ 



of the high pressure^ 
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ata. thereby the ihl^i ^^ure^yxSdiSsl' Wfii^'bi^^rly ' v 
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is lowered to 330,fo 2^<?^ ^ steam copdfton, 1 pf the waste fieat rebovery boiler 

of the high pres^re^rtt^^ comes to a rating said by-passing is closed so that the 

be lowered<5f ; th^jtegipei^tur^ MAhPUM^^tifl^fll pressure superheated steam is supplied into the 

the downstream eqwM^nts.^eiiftefm^ate Pfflffiurg ■ tJ high pressure turbine, and the exhaust steam from the 
turbine for^ampl^ being (p^^a^^qlc^^^ ^ high pressure turbtpe ^ Supplied into the gas turbine, 
gas turbine.bigh.temperaturQ^^ " thus the r^ted cper^tjpn takes place. 

berradeot;arrwt<*ial^ t 0 02 6J ^seventh invention hereof provides; 

less expensive <and yet a $t^blqxoofeg car^ Jto^t^^ ^ , . 

without the entire efficiency being to*er^, u4 ^ fKi Vvoj ^ a cooling steam supply, method in the combing 
[0023] A sixth invention bereofcpfovides;/.. <*• . u te\ cycle power plant as mentioned in any one of the 

iivi.J n i.-ni^Hic., first to fourth inventions, characterized in that; 
a cooling ste&ra supply methad in ,th€i : com&i^<3t v , i 3 ri > while the high temperature portion to be cooled of 
cycle poyver pl^ntas mentjor^jw/eqy^p^^^ , said gas ftribine is closed upstream and down- 
first to fourth tnver^^ beta -: strean? thereof, said gas turbine is started to do a 
the high tertiperature poetiQmto be spptet,^ sa^, l0 ^j holding operation for a predetermined time at a low 
gas turbine is supplied into with i€m^Ws/^\e^ d4 ^ t load of level which needs no cooling of the high 
prior tQstart ofr^aid g^s turbine SQjtert£&& g^ Jyfe & , : temperature. portion to be cooled of said gas tur- 
bine i$?»tarmed.upi said^awxiliafyaSt^rg 1 b«TO^Pf^ ^ > sv , bine;' ^ - X 

pressure of Combustion gas pressure, Qh\WM*s$iz>:: >• , when said; wasie heat recovery boiler terries to a 
starting time said c^sturbiaeio level to generate a predetermined own boiler 5 

said gas turbine is then started in that state to do a steam; , jfijd ,<#^!^3 |s opened and steam c6mtng, 

hording operate ff^^pr^^er^^^i^^^^ f ; /t! by^^ssing ^^igh' pressure turbine, from : thfe 
determined (oad; i V - . ... f : f h . £ ^, Ar . ?i > r } high .pfes^e^^Lperhbater of said waste 'teat 
when. ^e^Jf^^id-.vyast^ihrat recqvgry, tjgjlet 1 ; . \ w \ recovery boiler Js supplied into the high tempera- 
comes tp^<^ditionpf ^ auxiliary su^f^ 25 , ^ .' ture portion, to be cooled of s^id gas turbine; and 
ofsai$aM*ifcf£§te<^^ , ! when output oT^ wa^ heat recover* boiler 

ing. by-pa$sing$ai{J bigt^ pcess^e tufbirie. ^ ftpnr} ifofc^ ^ comes to a rating thereof, said by-pas$ihg is closed 
high (pf^sui^ s^^ and ^Eu^^^^fircmi' said' high pressure tuibine • 

recovery ^% i§, ) suR^ed i y% ^ Wgh t is supplied into the high tertiperature portion* to be 

ture pgrti<^tp fce <^ cooled of said gas turbine so as to switch to a rated 

when output of sajd }i vyast^ ? li«^t r^^^^^^^.^ operation, 
comestoar^ng^er^is^d^ 1'^ 

and exr^ustst^am frprrwsaid high pre^re^^e fp : ^ J "[0027] That is. in tfie seventh invention, when the plant 
is supplied into ; tfia high tertperature v ^ ji^to be started in accordance with operational proce- 

cooieptqf said g^turbine^oastqs^ ^Sj ,|^ures such as in WSS where the plant stops once a 

operatipa ^ (v .. } , v > v .... J . .* " ^ ^ _ ; ^ w^k, in DSS where; the plant stops once a day or the 
ri^iii ! *■ (*' y: t J* * :: . ii i* > ;.. , , : ? . i „ v; ,o 0 - , h i^»V(^f- ^ e 9as turt»he ^rbbn to be cobled is first dosed, 
10024J T^jt^^.trje sixth jjnvpntipp, ^hen ^^ ; p|^ ^ stop valves' etc. for Wanple.' upstream arid dcwh- 

tobestart^i^^cgrd^^ witr? ^ is started. The gas 

such as in WSS whe^p tfie^pjant ^ stops ?r)Gf .% '^j^.^ , "$$xne is f^ejd ih'.the^ low loaid of approximately 20% load 
OSS where the plant stops once 3 clsjy or .tfiejijie, ' . ftam no Ic^'wfiicri needs no codling of the gas turbine 
cooling steam is supplied into the gas turbine portion to ? portion to bVcdoled HaniJ when the own boiler steam of 
be cooled* jn th? •t^<»^.prQ9e^es. i .. r . , rjr , ? . the waste heat rebwe^ bbilbr st^s to be generated to 

[0025] Firstly, th^ au»li^ s^earji $ a jy^^re^k^ reach a pr^eterrrvned ^aie of apprdxirfiately 20 ata, 
is not less, ffian jtt]^}, of .thQ cpn^i^tion. ^^^e^v^ ' s is ? for example! theri saW stop valves etc. are Opened and 
the starting time,.Qf jt th£ g^ .tuf^p^.^^^ied ipjio the . the high pre^^^V^jbeated steam, Which by-passes 
gas turbine.|n a(±y^r^©^f^ejst^ng^^^ * the high ^e^re 't^Aine, isi supplied into the gas ihif- 

gas turbioe is, .wgtrmed^Hp. Jl^^jhej .^^ ; tM^ine. . j bine porti^'fe. bq ; <^ied: -When' the' gW 'fiurbine 'is 'far- " : ' 
started to^do^fpjd ; ther speel^^a (jp a^^lti4 ste^ from th^ waste heat 

time at a jpr^err^in^d toad, jT)ie {.ff$*^^ recovery boiler 'oomw^ a high temperaftjrs^ to re^ch 

and steang-pr^jj f e o^tfie wa^e ( b^^^^toil^r ^; . 1 what is called a ^^state oT-40 ate. for example/then 
are inae^d ^radu^Hy. ^v^en }1 % <4 ^^ ^^fitipn said by^^irttf k crWed arid {he h^W^es^re'^xhkust ' " 
of the waste heat recovery boiler com^to^ ^eam steam from [^ hiaH pressure turbine i^Suppiied Wo thd 
conditionof the auxiliary steam which 'has been usedter gas turbine TOfte^lfBe'cdbled, thListhW rated opera- 
the warngr^-yp^^jjpply ^^^^li^ $tegm is 55 . Jipn takes pfe^.^ :,i ? 
^ ^..pjajea steam . [0028] V&ghttfiro^^ 

which by-^^e^f)^ ^ + - - 1 . - ;■■ i ' 5 ^- 

into the gas turbine, and further when the dLrtpui 'orthe a combined cycle power plant as mentioned in khy ,; 
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one of tiie first to fourth inventions, characterized in 
that a dust collecting later is provided at a cooling 
steam inlet portion of the higji ternperatufe portion 
to be cooled of said gas turbine and a mesh of said 
. dust collecting filter is in a range of jOQ to 1000'jjuni 

[0029] That is. in the eighth invention, the gas turbine 
is a recovery type steam cooled one. wherein there are 
provided cooling passages in the combustor. stationary 
blades and moving blades which are the high tempera- 
ture portion of the gas turbine and the exhaust steam 
from the steam turbine is led into said cooling passages 
as the cooling steam. The dust collecting fitter is jirch 
vtded at the cooling steam inlet portion of the gas tur- 
bine high temperature portion and the mesh thereof is in 
the range of 100 to 1000 urn. If the mesh is smaller than 
that, fine particles contained in the steam are caught 
and clogging of the mesh is accelerated so as to make 
a long hour use thereof impossible and need frequent 
changes of the mesh. As the cooling steam temperature 
is usually a high temperature of 250°C or more, there is 
a difficulty in the exchange work of the mesh, feut if the 
mesh is in the range of 100 to 1000 ^nv fine particles 
pass therethrough and these particles scarcely stay in 
the cooling steam passage with little possibility of accu- 
mulation therein because the cooling steam flows 
therein at a high velocity. Also, there is aj case where 
solids of dropped scales such as iron oxide etc. in the 
main steam piping system flow into the cooling steam 
passage with a fear of blockage thereof, but the mesh is 
in the range of 100 to 1000 pm and the s^rds, t^ing 
larger than the mesh usually, can be removed by the 
mesh mostly. , 

[0030] As mentioned above, according to the dust col- 
lecting filter, fine particles contained in the steam pass 
through the mesh and comparatively large solid parti- 
cles only can be removed by the mesh, thereby a long 
hour use of the mesh becomes possible and frequent 
exchange work of the mesh due to clogging becomes 
lessened. ' 
[0031] Further, the dust collecting Jilter is provid^ in 
the cooling steam passage at the inlet portion I of the gas L. 
turbine high temperature portion with a simple structure 
of the mesh portion bang detachable, thereby no large 
dust collecting device is needed and the system con- 
struction can be simplified. v / J s / , ; 
[0032] A ninth invention hereof provide^- " '/ 

a combined cycle power ptarit as mentioned (n^any . ' 
one of the first to fourth inventions, <^ratf erized in " 
that there are provided an impurity rernWmg deyiqe 
which is exclusive for treating water for J^rnpjer^ture 
adjustment an economizer which is ^xdiisive for ... 
heating the water from said impiurij^^ 
device and a spray nozzle for spraying, tt^ water 
heated at said economizer into codi^ st^jp which 
flows into the high temperature portior^tq ^cooled 
of said gas turbine, so that said cpqpng st$$m is ■. 



adjusted of its temperature. 

, 10033] fr^lsVih the ninth invention, the gas turbine ss 
>^iyecoverv r typp steam cooled mefyif^m &ti <x>diing 
. .,steam is fed frofe tfje st^m turbine syst&h irrtothe g^s 
ri hiibinfe hi<)htehp&^ booting theredf and 

/ Ttfiis cooling steam is returned to the steam tutoiri&sys- 
' tem for recovery But there fe sometirnes a c&se where 
"thfe temperature of the Idling steam is not appropriate 
iq 1 for cooling of the gas turbine high temperature portion: 
As trie gas turbine high* temperature portion, there are 
stationary tiades and moving blades, for example: The : 
steam ternperature which is appropriate for cooling of 
foe station^l^dfes is high^ than that appropriate for 
c^ 

; is of an appropriate temperature for cooling of the sta- 
tionary Matles, thV <xxdihg steam is needed to be low- 
- ered of the f^rnperature airxf - in' 'this base, the ' 
temperature is adjusted by water beirig sprayed ihto'the '■ 
20 steam. In such case where the water is so sprayed, 
there are contained in thd w^ter in^iirities which heed 
to be removed and if the entire amount of the water 
which has been condensed is to be treated, then the 
facilities therefor becomes large and the cost therefor 
25 also increases ' 

[0034] thus, in the preserit invention there are pro- 
vided the exdusfve in^nty removing device which has 
a capacity only to treat the water amount necessary for 
adjusting the cooling steam terrpe^ 
sive economizer for hreatirtg only the water so treated at 
the impurity removing device As the cooling steam is of 
a high temperature in the range bt 256 t6 60d°d. the 
water is heated at the ^hbrruz^ so that the tempera- 
ture of that water is approached as ne^r as rtossible to 
35 the cooling steam temperature The high temperature 
,w?ter so heated at the economizer is sprayed into the - 
pooling steam' for adjustment of the temperature 
thereof. ' 
: [f)635] Awfdin^rto the pf^emM^ arfc 
40 provided pnlythe'exdusrve inipiirity f^rhdvi^r^ ddvl^e bf 
the capacity only tp treat the water of the amount neces- r ' 
§ary for ^jt^g tfie cooling steam terfijfier&ture and 
trje exclusive economizer for heating only the water so 
J,_.^flated at 'tfie^iinliMai^r : ryrh^n^ :i devK^ : ' iHiri^fhe' 




water of a tenp^^re near thV<^i^ s^eam tehp6ir- ' 1 ,:; 
. afore and the adjustment of tie cooling steam tempefa- 

5&J ;tuje can be dohjB effe^try ^ ^ 0 

^$036] 



\ r r Fig. 1 eadiagi^fljr^c^^^^ 

. ; L . cyde power plant of a f ffst' errtx^mer^ a 
, ^ to the present invention. . . 
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Fig. 2 is a diagrammatic view showing a corV&iherj ~ ! steam generating portions are shown approximately in 

cyde.^wwer ^fgnt^a seqpnd I eni^^^t a^r^ , >X .M? orderjof steam flow therein, thein the low pressure 

ing t6th^p^enj.i.^ Qmemn^j^ppnis imposed off a low pres- 

Rg. 3 .B.a^agramijnigtic? ^w,^f^pg'a^ economizer pV^'af I6# r^&sure evaporator 22, a 



cycle power qtonkof't^ pressure superheated &3. ettJ. and the intermediate 

accottfog^tQ.tfte^ ...'Vj-i'V , * ..f$ essure s *© am generating portion is composed of an 

Rg. ^©acfiajgr^pin^tio^^ pressure ^l^conomizer 24, an intermediate 
cycle povver plant of a fourth .errtop^iroejri^^ ^ ^essure fefed w&ter pump 25, an intermediate pressure 

to the present invention. ",, [\ r ' | v U l?( a P9 rato ^ 2 ^. an intermediate pressure first reheater 

Rg. 5, i§ ^ffiagranimatic v^gw Rowing a : <|pr^in^. r ijpul 27. an intermediate pressure second reheater 28. etc. ' : '* 
cycle power-plant of a sixth en}bodir^e Also, the high pressure steani generating pbr- 

to the present invention. \. r J Vv . v^<i :j o^VVJ^l^Q 0 te <»nippsed of a high pressure'first economizer 29.' 
Rg. Q,is:a.^^gi3n^ratic \ciew' ^9^P^ ^^SS^'A^o^hi ^r"%|^9 h pressure feed water pump 30. a high pressure 
cyd^powerpjpnj bfji s^p^ ecbnomizer 31, a high pressure evaporator 32. 

ing tqjhe : P^en},jnvc^i^^ a high pressure first superheater 33. a high pressure 

Rg. ^^/a^agramn^ 

c y de J?9 W ^ .^^^ W : SpP 44 ! Nuhieral 46 designates a steam turbine plant, 

ing tQ^he pc^fitf comprises a high pressure turbine 41 supplied 

c:* i-.-i-v .-,.'■«. owv rt',p r - I7wfth a high pressure steam from the high pressure sec- 
DESCRIPTIpj^q^JHE f ^'Tm 1 superheater 34 of the waste heat recovery bdiier 

MENTS: , j: . . . ^ . . ^ ~, r ' : »| ^ 7»wJt 3,1 '*»Whe 42 Supplied Mr ' 

» « :i n *<*d" .tvfH ^emiediaitci pressure steam from the intermediate 



[0037] A first erjir^irnent ^(^xj'rcli'ng to ^ J J * pressure second rehi^ter 28 and a low pressure turbine 

srence toFiq. 



invention will be described with reference to Pig! f. All 1^ supplied with an exhaust steam from the intermfedi- 



the embojdrrn^s according ip jtf}$ present inv@ntioo t aTje 2$ Pressure iirbine 42 and a low pressure steam frbm ; 
madeon^^Vpta,<^^ 

listing l>a^c^(^^^ree^ p^rf^^^; a. f£s ^^f^inWa ; ' 4 (00451 It is to be hbted that the construction 'is' made 
steam turftjne ar^^yv^ that an exhal^f st^m froni the low pressure tur- 

whole asr^mpf .. j^|s>9a^^p/aci j^f^j?^^ jp^jr^ '^fill'^l ^ s ^" s " ^bihe 43 is condenisW into water at a condenser 44 pro- 



desafoed firqt ;j ~. ; * f «,^i ^ : <Z^ ^ r : X „• * *|. j vided down^gaft\W&eof and this 'water Is circulated to' 

[0038] UiFig, 1, fjur^efal J Q^^^cp^t^g^^^^^^i^^ ~ : n ^ %e waste ¥i|at recovery boiler 20 via a boiler feed water 
plant, whtch gorrjpris^s ^ main ^^pniente ^ ^as ju^' 4 j 'pump 45 and a gland steam condenser 46 sequ Artially. 
bine 1 1 . qri f §if pin^res^b[. 12. ^yeri. lw tfie gas ^tohe Numeral 50 designates a stack, numeral 51 designates 
11. arxla^f^ . 'ajjgenerator driven tiy tfife gas turbine plant 10 knd 

a compre^^d air suppji^l fr<xn tfie^ir : OTrV^e^rJ , 1^ J ,l "S' mimeral 52 designates a ! generator driven by the stieam 
[0039] J^a^^i^ wi^in ^ie ga? ttfj^eS)^ ^Surbine plant'40.' 1 " 

moving bladW Stationary blades' anii fJie'like \hof ^"^MSJ While vkridUs equipments are named and 
shown), vyt^ich i ^re^nd to ^fiigljt^mpgrature portion ^^l^scribed schematically, the present embodiment 
1 la whicfj c r^q%e§ ^ROolflig thereQi T^ej^ , 'p. . relates to a combfhiE^d , cycle power plant consisting of 



ises^erpin ^ ^1 tube tuctxne plant 10, said waste heat recovery 
extends from ^cpmbM^ticn chan*e^|eaf ^^tiof^fe^ ?: ^;| ^twiler 20 4nd 5 said 4tWam turbine plant 40 and includes 
comtxistic^q^s.^^; and tfgs tpij ti& ^^p^^n'; : %jrther the Allowing Ubnkructidh. 
13a is also ^portion requiring a ^ling thWeof, ^ ' ^ [0047] Thetis, ah inferhi^ate pressure ^eam supply 
high temperature pprtion. 1 Ja, ; ^ ..' ^ . j " r ^ ^ / "passage 35 donn'epts at its one end to the intermediate 
[0040] ^j^ j^Qy^^are^j^^ ^ ,,K ^essure evapbrafor ^fe of the waste heat recovery 
sage 14 ^ ( Sl^iy|ng ^ 20 so as to take out an intermediate pressure 
the high t^^^tur^f^r^p^ l a.qf t ^eam therefrom and this 'intermediate pressure steam 
and a cooljnsj ^i^^jH^^"-.^^?^ ^ ! passage 35 connects at its the other end to the 
from the cooling steam supply passage 7 / Jv c&>ling st^Ssirii 1 Sv^ly 'passage 14 at a position down- 
ing therethrough the cooling steam to ini teii tube ^eam of'i'bifen^^ 

cooled portion 13a pf t^e^n^stpr :l3 r a supply pa^g^ Wabb the cooling ^eam bifurcation 
[0041] Numeral 20 designates a waste neat recovery "passage I5. v &) a^fe , rhcike the intermediate pressure 
boiler, which uses an exhaust gas of the gas turbine 11 . steam mixeci iifrtd W^^lingst^ni siipjDlypas^ge 14. 
as a heat source and conprises therein portions of a ; [0048] Also, a rj^ck^i ^iray water Supply passage 36 
low pressure steam generating portion, an intermediate ss t connects ati&ohe^'to die cooling steam supply pas- 
pressure generafim hi^h pressure 1 sage 14 at a^Woft toiiher downstream of a connec- 



steam gen^irig'ifjoffi^:' ' c h ' a . ' * J'; - tion position of thfe'^ling steam sud^ 

[0042] If equipments included in ^ "respective : ' and the inierrh^ia^^iessure steam supply parage 
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35 and at its the other end to the intermediate pressure _ tor 13. being a fixed structural element, is resstrble with 

feed water pump 25 upstream thereof. "a less ex^^sSye matenai^eh'to ^teff^p^U^e^coh- 

[0049] Numeral 37 designates a gas turbine cooling '^fif&an of ^ai^ 

steam recovery passage, which connects to an inlet ' . ^eam n^yhJ^ be 

side of the intermediate pressure second reheater 28 s '"fen passage iSac&ely^ - = 

and numeral 38 designates a tail tube cooling steam [Q0571 jftski^sa^ 

recovery passage, which connects to an outlet side of jKe irtermediatik pressure ^|^ t <Sihilot be bbiainedSs 

the intermediate pressure second reheater 28. : expected, a hot wSer supplied tforfi the irifermediate 

[0050] In .the present embodiment constructed as pressure feed water pump 25 via the back-tp spnay 1 ' 

above. cooOng .of the high temperature portion 1 1a of io 'water supply ptet&agV36 is 'sprayed into the" cooling 

the gas turbine 1 1 and the tail tube cooled portion 1 3a steam simply passage 14 so that the temperature of the 

of the combustor 13, while in a steady operation, is ^ • ^ cooling sfeSrii itfidte'atf ing : steam sai^y passage 14 

done as follows. "' j$' lowered securely k "' : < . 

[0051] That is, a high pressure exhaust steam from " ^0058] ifoW^e&trhg sfekrri i^hridh has cooled the high 

the high pressure turbine 41 is supplied into the coding is ' f^nperat&e >^ffian ti jj bf"th3 gas turbine 1 1 is recdv- 

steam simply passage 14 to be bifurcated on the way, ered into ffie interrogate pn^sure second reheater 28 

wherein one portion thereof flows to the conibustbr 13 Via the gas tiirbine cooling st^m re^verV passagfe 37, ! 

via the cooling steam bifurcation passage 15 for cooling and the cobfi^ steSrri Which has cooled the tail tube 

the tail tube cooled portion 13a and the other flows to pooled portion Pl3& if the combustor t3 cdmes to the 

the gas turbine 1 1 via the cooling steam supply passage so " outlet side of the intermediate pressure second 

14 for cooling the high temperature portion 1 1a thereof. ?reheaiter 28 via ^e pa£- 

[0052] At this time, the cooling steam flowing to the ; sage 38 j^piih'with' anotH^ steam vrffiiih "hak been 

gas turbine 1 1 via the cooling steam supply passage 14 heated trirough the intermediate pressure second 

is mixed with the intermediate pressure steam supplied reheater 28 to be further supplied to iKe irrie mediate 

from the intermecfiate pressure evaporator 26 via the 25 pressure turbine 42 for recovery 

intermediate pressure steam supply passage 35; so [0059] According to the Resent erribodinieirt con^- 

that temperature of the cooling steam in the cooling structed a§ ^ mentioned abovfe. the cooling steam for 

steam supply passage 14 is lowered. J cooling th^ high terttfidrafi^ of the gas tor- 

[0053] If one example erf such temperature lowering is ; c &pe 1 1 is obtained tjy the hi|jrf^e^^ ' 

to be shown, the temperature of the high pressure W^lfipm the ffilfK ^^i^ei^n^;^ : 8^g vi^ the 

exhaust steam coming out of the high pressure turbine ; iritermecfiate pressure steam from the intermediate 

41 is proximately . 370°C and if a turbine portion, jpSressure ^^&^Er6pr ^3 1 lib r b^ ' ibyir^reci ; ^dnn^^era^r^ 

especially a movable pprtiqn such as a moving blade ' pfiereby thVfiigbt^^ i a of the gas tiir^ 

and a disc, is exposed to the steam of that temperature, bine 11 isr^ 

it will be put in a severe heat resisting cond^pn and an 3s _ la ' mwufSl^^ 1 <i. 'the faitoihe i&n'tifc Saved 

expensive material will be needed for overcoming same, greatly " ^ ; ~" ~ ' - 

which results in aggravation of the economical' condi- [0060] jfoexi, l a second ^ fo the 

tions. ^ 

[0054] But the intermediate pressure steam coming 2? It is to be iidt|ct that iskme N tom|^nenri br parts as 

from the intermediate pressure evaporator 26 is of a 40 jfipse in th£ r hilntewfed first. ^hSBbdirh^rlt J are*given 1 

temperature of approximately ?§0°C and if this intense- ^me reference numerals in the figure with repeated 

diate pressure steam is mixed into said high pressure , description bein^ omitted as much £is pdssible and a 

exhaust steam of approximately 370°C, thmthe tern- \ f featured cxJnstr^^ 

perature of this mixed steam lowers to approximately 1 described mainly; " ' u ' ? • fs; - rfi r ) a*- 1 *"*-; «■■■ 

330°C and the material of said turbine movable portion 45 [0061 ] In the [presSn emtkxiimerrt, there is provided k ' 

such as the moving blade and the disc can be satisf ied ^ JSyei heater 16 in fine boofing steam supply passage, 14 • 

by a less expensive and easily obtainable material, V^lm supplyingj^erethraigh the high pressure exhaust- 

which results in a favorable turn in, the econpntical con- .^leam from ^e^^ 

ditions. i ' '"'bine 11, s^'^ei^^^ : %6li(i^ 'p6^tfoh^''t^^dam : 

[0055] The intermediate pressure steam supplied jra^'^ 

from the intermediate pressure evaporator £5 to.' be' ^'^sage 14 a^th^c^ 

mixed into the high pressure exhaust steanti^' aipproxj^ ^ t '1pjr supplying th^^n&^.V thie ^x^i^;!H^^ r lo' fh& ■ 

matety same in . the pressure as the , hig^p/e^iire r . .^mbustoriX sb beat '^chslh^i ma/ be'doine 1 

exhaust steam coming put of the high pressure iu&ine ^ ^ between a fu^ fe be;s|ri^^ X 

41. hence there occurs no lowering of the entire ieffi- , 55 ? itie high pressure ^ausilst^^ L 

dency due to such mixing and a predetermine temper- ' turbine 4i ? r f!' " / ;S K [ K;*^ " ** hi * * 1 ■ ^ r ' 

ature lowering can be effected^ , , - t t^ 62 ! 

[0056] The tafl tube cooled portion 13a of th^ c»mbiis- „p6ed from tfie high prfe^fe^i#n6;4i;^ 
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steam sqpply jjass^^^^ <v>! [l|068] Next, a third emtxxJiment according to the 

heater 16 by ttefu^Q^ '.^V^resent invention will be described with reference to Rg. 

13 to be ttieq ^yrc^teg* wherejiji png fp^^tiffiffi. ] ^ . 3.' ft is to be noted that same components or parts as 
flows to the coi^i^ th6 mentionfed first embodiment are given 

tion passage ;l,5 t^gpqling ^e^Vj^e ^j^^niQt^ ^ & the figure with repeated 

13a and'^omeufiws \q t i^jf t ^\^^he^)h yla ttie ^/f^escriptkmb^ng pitted. " ' 
cooling ^team slipply £as$p$5 IfM^^^i'^Z !^ j* 069 * ln Fj 9 ^Kwrieral' 14^ designates * Wgh ; pri6s- 
temperatwjrfjportipn i llather^of. V^.* V ^ .'*^.%re turbine by-pass passage, wriich cbnnfeOs^ i£tirte 

[0063] If one ex^rnple-of a terrperatilre ioweqngof tfie~.* ' Z^jeM to a superheated steam supply passage Ata for 
high pressure exhaust steam cooled at the fueJ.hQa^, \ip* ...supplying therethrough steam from the waste h£at 
1 6 is to b^^hwn, supposing that the tempera^r^ ^.the . ! j(4 /|^averybpiier20 to the high pressure turbine 41 and kt 
high pressure exhaust steam coming but of other end to a position upstream of a bifurcation 

pressure<Ujr$ine^^ of the cooling steam supply passage 14 for 

bineporti^n^ high pressure exhaust 

moving tyad£ a^nd ^disc. ijs expp^ tcj Uiast^mx^ tjhgi „ J jrs, . steam from toe high pressure turbine 41 to the high tern- 
temperature to te put jn ^severe h^ perature potions' to 'be cooled of the gas turbine plant 
tion and art exp^jyejrna^ , J.Q and a high pressure steam exhaust passage 27a for 
coming $awe> ; whjph .results, , in ^aggr^Cqn. fyjfcfc^ ^u'^PP l V m 9, ^hWetKrough the high pre&urfc exhdust 
economical corKJrtiprts. . n . , - ^-.v-^j rl steam from the hig^pressure turbine 41 to the W 
[0064] B<£ : th%tj^er|a^ ' " 
coming ioto.the.fuel heater Jftjs ^^§i^^P/^^ ^1 s W 70 ^ Tfc'fc combined cycle plant, when' the 
and if the Jpigb pressure e^us*^^ * jsfent is to tfe station ^accordance With operation prt>i 
fuel, thence terr^ature pf tatfhjgb^ ^/^'j'opdures pfyySS'jwpe^ly start arid stop) or DSS (daily 
steam is lowered to approximately*^^ .^j&rt and stop) br th^ like, the gas turttne is warrned 4 iip 
rial of said Jyrtjjne rnov^ble portjprj sudi as the r^pymg " 4*' in advance by a method using Ian auxiliary boiler br its 
blade and ^f^rfi'^^n:^^^!^^ j?y ^ '^r^PSPP^I ,- r \ own compressed arr or the tike and ^initial steam geri- ? : 
and easily-objaif^e^ erated at tfie own feoiier is supplied int6 the cooling 
ble turn iflifoeaepnon^^ * «7tf <L'£u^7z\ t r ^ eam Passage of tfje pas turbine via ^e high pressure 
[0065] ^Ac^jdjq^ . / # turbine by-pass pa^ge 14a, so that the warming-Up is 
structed a $ gv^^pftecf^^^Qv^^ th^ ^^coplirjg , £^t^rn . , insisted to be ^eJerated. ! 
cooling the higr^^ ^ed%*e* ^"bpil^'steam 'starts to be 
bine 11 and the^fail 11^6.999^1 portipq f t^ ^ ^nr^ JJ ( \ ^ jg^nerated stably; sa|b' by-pass passage 14a is closed 
bustor 13. is o&£ined J% the hisfe \Sf^^^\jS^Sj^^ \ \?&* a hiQhl ^es^e"kperhesited steam is irrtrbdoced 
steam from the high prp^syre turtle 41 tfie high pres^e turbine 41 and the codling of glis 
by the gas turbine fuel to be lowered of temperature, 35'^ turbine is done ty 
thereby s^^i.high te^r^^rp^Mf^; tjons l^a.. |3a r ^re 'Lyjfcp high pressure turbine 41. 

required l^.s^/ei;^^ .^^Vri^gl^^ f ^g^^^t 4i t ^^J{fo7!2J According to the present errt)6dimerrt ! cbn- 
err^loymeint ^ar^j^s^ as mentioned above, the gas turbine cooling 

possible s ar# ft^e mar^faq^ing i^t f carj Jb"e f sav^l 0 t '.. ..^ n be done with ! norie of thermal shock etc. being 
greatly. f >? , ' r1jv " . .. ^ r ''''1 ^^r.| 'H*^^ ■ - • ■ ' ;) ' " "' ' " 

[0066] ln|hep/e$fnt ^r^ ti&tt; ;i fciurth embodiment according to the 

en^xxlin^nt^^f^^irig ^tearn vvtjich i ; h^s f <^^j^. : Resent invention wili-be described Withr^erence'toFig. 
high temperature portion 11a of the gas 'tuibiri^ ^Js'. ' ft is to TOfed that same comporiertts or parts as 
recovered , irrto, the iitfernri^i^tQ ^^E^nci, ' /^|^pse . in the mentibrted first embdcfimerSt are given 

reheater 29 vja '^ga^tj^^ qpoiir^^fiarri'' red^eqf' . 4S J s^me refrfenc^ ft^rtierals in the figure with repeated 

passage 37/ : .,:7^ <; :>rv : :.- r*v«-'v> r /.^7-^ - <Jfscriptioij ^Yh'^b^^ ; ' %r ' 1 • ; ! ■ 

[0067] ^at^, bemuse said [ fp074] In trie pfteen^ 

reheated by ^^ irrtermfdiat^ pr^iire -S^nd. ^eli^er^ ' ' '. , J ^exhaust st^rh fMrttih'e high pressure turbine 41 is sup- 
28, even if^p.^ling'st^m^^ ^ied into the cooling steam supply passage 14 to be 

of the gas tufjjto^f j is pjf .a^fjmp^ . so \ Wen brturcated, ivher^ln one portidh thereof flows to the 

thanapr^t^rr^r^teY§T^ wrrtoustoM^ 

perature ^9n^t^9f^e^^ t 15 for cooiinft ttfe ta^tube cbbled portion 13a' ahd the 

ficiently ^gh^^er^r^ 4 .'other flows the 1 jgks turbine 1 1 via the tboling steam 

not been^^^jgeg^^ j^^ga^^^ ^arilbe 3 ^)p!y paS^ige h4i&i bt^irtg the high terrperature pbr- 
reheated by said reheater 28. thereby necessary heat ss ' "tic^n 1 fa theredf.^ ^ s 1 " : 



tw75] The cctolifig steam is therdtofore made up at 
diatepre^yre ^m^^ ftfe high pressure turbine 41 as follows, wherein the 



edow^trea^^ $® 
pres^yre .^p^.pan b^seajf^ arw3 this resute in ^ v 
ncementof the thermal efficiency. J ' jfi6i 



enhancement df iie thermal ^iaency. " j 0 ,% ^ pressiire^t^iu^pfi^ into the hi^h pressiirb tur- ; 
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bine 41 is set to pressure of 165 to 175 ata and temper- tail tube cooled portion 1 3a of the combustor 1 3 is made 
ature of approximately 566°C by an appropriate control ' lip to a fa&brabte property at the highpressure turbine 
means (not shown). i; 41 outlet, thereby there occurs no fear of aTidencylow- 

[0076] Then, the steam suppliisd into the high pres- ©ring of thl^^ 

sure turbine 41 in said pressure arid temperature 5' -and the structural rr^en^^the high terrperature^rT- 
changes to pre^re of 30 to ^ ata amJ ternperalure of ; tion 11aof*he gas iurbirte U and the tail tubecooled 
330 to 250°C at an outlet of the high pressure turbine "portion 1 3a of the combustor 13 is required of a less 
41. That is. in order to obtain a high pressure steam " ; Severe heat resistant -abiRy without a specific equip- 
property of said 30 to 35 ata, 330 to 250°C at the high y rrient being provided- otherwise and the turbine manu- 
pressure turbine 41 'outlet 'taking account of an ordinary to ;i facturing cost cart be saved greatly ; ■■•i.s 
turbine expansion, the pressure at an inlet of the high - ^0083] Next, a fifth embodiment according To the • 
pressure turbine 41 is required to be 165 to 175 ata ' ; present invention will be described with reference to Rg : 
when the inlet temperature is selected to approximately ' H3: r It is to be rioted tHSt same components or parts as 
566°C which is an ordinary value * ^ those in ffiif men^bri^d^Tirst ; ernbdcfiment are fciven 

[0077] The cooling steam corning out of the nigh pres- 1 is - ' same reference frurnersffs in the figure : with' repeated 
sure turbine 41 Is supplied to the high temperature por- ; '-' d^criptiori being orrirfted:- iyr: ? - :? r ' - ; - 

tion 1 1 a of the gas turbine 1 1 and the tail tube cooled *■''" -" [0084] fir the gas^turbirie 1 1 ; ihgre kre provided the 
portion 13a of the combustor 13 via the cooling steam ' combustor 13 for supplying an operating gas to the gas 
supply passage 14 and the cooling steam bifurcation ' / turbine 11 ahcHhe"afr compressor 12 for supply a cdm- 
passage 15 and the temperature of this cooling stearn is 20 - pressed airWs^iS:^^^ temper- ■ 

made up to 330 to 250°C as mentioned above: l^re and stationary 

[0078] Because this temperature range is not of a spe- blades of tri~& v ga£ tuh^ 

cif icafly severe requirement as a heat resistant perform- t©n 13a alcana waif sftriafietif the combusror 13: ! 
ance of a material composing said high temperature ; {0085] An auxiliary boiler (not shown) is provided out- 
portion 1 1a and the tail tube cooled portion 13a, hence ' 25 side of the comtShed cycle system so that steam may 
the material of the turbine movable portiori;subh as the be supplied therefrom to the corhbirred cycle system or 
moving blade and the disc can be satisfied by a less to other fadlrties or the power platit irV case of necessity; 
expensive and easily obtainable material, whidh results _][ [ [0086] A steamtufahe 

in a favorable turn in the economical conditions. [ v the combined cycle is donstiik^ed by the high pressure 

[0079] it is to be noted that in the present embodi- 30 : fcib^ 

ment. the steam property is specified at the high pres- ; to* pre^re tUrbirie 431 1 st; c ^ • *} ^ 
sure turbine 41 inlet and the cooling steam of {0087] Steam From the higfi Tpressure second super- 
predetermined property is obtained at the high pressure , fteSater 34 ol the waste heaRecbvery bbifer 20 flows, by- - 
turbine 41 outlet and jjhe heat resisting temperature Jessing the high pressure turbine ^ 
condition at said high temperature portion 1 ta and tail 35 p&ature pdrtibfi 1 la W the^as tiirbirte 1 1 via'ihe high 
tube cooled portion 1 3a is satisfied withouf the coding / pressure turbine by-pass passage 1 4a and the cooling ; 
steam being made up otherwise, hut if there occurs an steam supply passage 14: ' 1 ( 

unexpected variation in the stearn making up function ' ' [0088] "ihe cooling steam supply passage 1 14 also 
before the high pressure turbine 41 or iri the operation ' ^rms a passage for surjplying ther^througt. a high pre&- - - 
of the high pressure turbine 41 or the like, an intermedi- 40 \ stfre extiaiist^siy^ ^'1^e)ij^ jsr^ure'turSne ^l as 5 
ate pressure steam can be supplied into the coding the cooling steam ofthehigH temperature portion 11a of 
steam supply passage 14 for back-up via the intermedi the gas turbine anti the gas turbine < cooling steam 

ate pressure steam supply passage 35. *' 'recovery f&ssage 37 forms a passage for recdverinig 

[0080] Further, said cooling steam is set to the pres- JthWethrou^^e therrVial eaiergy of the coding stearri 
sure of 30 to 35 ata at th€* high pressure turbine 41 out 45'" which has been elevated of 'temperature at the high 
let and while this pressure range is maintained, there V temperature portion 11a into the waste heat recovery 
occurs no performance lowering of the downstream boiler 20. 1 i ^ 

intermediate pressure turbine 42, which resurfe in no [0089] Dbwnstream of tie' high pressure turbme 41 
fear of efficiency lowering of the entire system^ ' '" v and the subsequent imerrnecTiate pressure turbine 42 5 
[0081] Also, the steam supplied into the intermediate & ''and low pressure turBihe °43V the bbnd^hser 44 is prb- 
pressure turbine 42 returns to '566°C by hating at 'the : ' x : / vjtfed and a f^W^f^r^^wS|uire y&eftSr bbncl^n£Maci tHer^ J ^ 
intermediate pressure second reheater 2&, recovery : r returned iS'fae ^sfi^^ty^^^"^]^^ 'tb\ti&'- 
heat at the gas turbine ptent 10 and the like, and a low'; ,;^f9Porated agdih Wi SSeai 'trfe^rhe cycle? - r ^ i;; * - x 
pressure steam at an inlet portion of the low pressure ; (0X190] Operational ^ff^SrV of 
turbine is made up to a pressure of 3- to 6 e&il [ ^ 55 ^rnent fprni^d as m^rrfdn^d |f^ove wfii'W^^icii&ed." 
[0082] According to the present en*^!ji§rft asnieiv;; ' - . That is, in ifje pqw^^n^^^ft ^rey^efrtaiiail p&c& j 
tioned above, the :: .ax>lirig. steani. hrlfx^^^ii ^9|?^- feteinl starts' and ftlNy^^^h^r^tfie *^iar^ T 

temperature portion i Iff <* th^ \gas juMmif&to the \"' J s&irts and'stc^s once a wie^ Vt^^wri^re A^pfenf' : 
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stops once a day, ^^tartfe f pn r lhe ne^ .cjf ,aft^r ; . . ^econd reheater 28 to be recovered of the thermal 
cofrpletfonofarpei^ic*^^ 

[0091 J When theplantisso^arted, wlotfrfitotitii the;; s ; v : J0O97] According .to the present embodiment, prior to 
gas turbine 1 1, auxiliary stearftkcmt^emtUMlianyit^len:; : : thestart of the gas turbine r the qoqled portions are filled 
issupplied4htothe^asitUrbime1^ - nVKlth the auxiliary ^team, a drain etc. therein are 

so that the high temperature portion fllafrotthe gas tur- r ^ ? -removed and : the gas turbine cooled portions are 
bine 11 and tfie tail*ube cooled potf&td 3a along the -; i ; v warmed by the warm-up operation using the auxiliary, 
wall surface ofithe cb/rt>ustdf 13 are warmed yp-to. be r ? ; steam, thereby, even when the rated operation' 
finally recovered into the condenser 44 vra^i passage - .approaches and tye own boiler steam from the high 
which is rvrtrshowajn the figure, :f * . v ? pressure serond superheater 34 comes In. there occurs 

[0092] W is to be iwtedthQt Jhe auxiliary shock, tf)us a plant having a high reliabil^ 

tion in this case is preferably of a pre^ur^pf j^ro^ir 0 , \>\ ^and safety can be realized. 

mately 2a ata an^a ten^er^^ sa# M ; ^..[0098] Next, a sixth embodiment according to the 

pressure being, higher than that pf ,a <?<?rn)3usti . ,.. f present invention wU I be described with reference to Fig. 

generated at the starting time of the gas .turning, JJ A £p ( ^/j. s 5* . In Fig. which shows arrangement relationship 
that equipn^nts may not be damagecJ^y^theixe^Mfe i ^ n arnong three comppnents of a gas turbine, a steam tur- 
of the cornfcustion gas^enerat^d ^S^Mfe^ia'xJ c { } :r >. }i . $ne and a wa$te f heat recovery boiler in a combined 
[0093] Then, cfoI!owjng said warrping r up, $e-£a^(4r- : .. : .cyple power plant - ; , . ; . . 

bine 11 is started to be gradually speeded up^.rpaph ,., [Q099] Numeral 110 designates a gas turbine, which 
approximate!y..£Q%, ga^,4urbine : - ioad,^^^^^ jjiel/J 4p ri go\ cpmprises a combustor 1 11 for supplying an operating 
this state pf.loacj: for,a,pfedeterrrwnf*d tjn^e^jjtp.^n^ain^ k: g^s to the gas turning 110 and an air compressor 112 
tained until what is called an own bpiler^sjte^ig g^q$r-~ , fcjir supplying a compressed air to same. Also provided 
ated by the wasts heat/epovery b^ler ^:^<jfr.!S^*£i" " .are a high temperature portion 1 10a consisting mainly 
exhaust gaspf^ve gas turbin^l.1 as ; a ^e^isp^^.^, , of moving blades and a high temperature portion lldb 

[0094] W\ofi ityf own bpil^r stearn ge^ej^ed by=jhe ? ^ consisting mainly of stationary blades both in the gas 
waste heat re<^ery bx)j^£^ 110 and a ^ high tenperature portion 111a 

tion of apprqx^t^y 20.ata. ^ "rj. & med al °ro « SHffec® of tfte.ppntiistbr 1 11 . 

pressure Gt>tbe ai^fl^^ tjf}% a^fiary; , f : |0J 00] Numeral J 20 designates a high pressure tiir- 

steam is stopped ^ng^ajgeain, fr^^e^^^i^Mre i- .* bijpe, which, together with an intermediate pressure tur- 
second superheater 34 is supplied to the ^s^rbmpjl, bine and a lpw pre^re turbine (not shpwn), forirfe a 
and the cornbustor ^viathe stf?^hea4^ 4 $j^un .^p-'" _ s '.; steam turbine portion' as a bottoming cycle of the com- 
ply passage 41a^the higjti pres^e; ,^|b^^^^ / . bined cycle. In Rg. 5 ? Jie high pressurisi turbine 120 only 
passage 1^a^ f th^ 

sage 14. T]be coplipg ste^^ Numeral designates a by-pass passage, 

the high tefr^ratyf* fjogtipps . l \pa-<jf'.tji^. jgas tufr/ y^ich forms a passage for supplying therethrough, by- 
bine 11 and the combustor 13 is led i"nio t the int^r^h , .j ^^ssing the high pressure turbine 120, a steam from a 
ate pressMr%:S$fx^/^.eta^,.2;9 vifi..the^s^^^^ ".V^^ste heat recovery boiler 130. to be described later, to 
cooling steagi r^^%^^^a^37 r . v^^.^l^ ^$1* high temperature portions 110a. 110b and 111a of 

[0095] T^en^tb^gag tu^inejl $Mf^ ff 1 ^ gas turbine 1 10 and the bombustpr 1 11. 

toward -the J9ting : £nd fM<9$& IW 02 j ^NfimeraU.. 1 !^' designates a high pressure 

high pressure,sejwd,sup^l^ r^ch^ ^.ata^ ^epchaust st^rn passage and numeral 123 designates a 
achievemen^^gf.^iet rs^ing .fe c^irmecj and mC^fi sj repovery passage. The high pressure exhaust steam 
pressure ti^ne by-pass jpa^sage t 1^is ; ^ forms ( a passage tor supplying there- 

the high pressure sup^rtTfa^^ear^ r -through a high] pffesajre exhaust steam from the high 

pressure ^econd , SM^rheajt^r 34 Qf. : ^. ; w^^f^. ^is pressure turbine 120 to the high temperature portions 
recovery boiler 20 is supplied into the high pressure tur- ^.-tlba, 1 10>b J f l^pf/thV gis turtorie 110 and the 
bine 41 via th^ ^perrA^ated jst^arn s^i^ly passage 4,1 a cppibustor j 1^ 

andtheop^atjk^ ^ swrtch V' /passage for recovering tterethrpugh a 'thermal energy 

[0096] Thus, lat^r on fnw sai^age^w^ j^'the cooling stearini^ wjhich has been' ef^ted of tern- 

pressure e^cha^ ^eaqr| l (rf>fri ^4&^iq^f^^^r^^r^^gr so. .. c p^ature thrg|ugh i^iihg of the high ^Hfen^e^ure por- 

41 is sMpf^jed^p ^^^ra ^^p^^^l^ j.^^ ) (( , ^pns 110a, 110b ;a^ 

high temperature portign^ r J l^JJ^jpjf^ t > ^ / . V ! 

11 andthe.p?nib^ .1^03] The waste h^t r^ 

ing steam >^pj^ /pag^ag^ i^^e b p^fn l p '.ptearn^js. a Jhree-pressuie iype! of low pre^fd. interm^liate 
heated thrq^h Jfflgty^^ ^jR^^^^p^pns tojfe ^ ss pressure and high pre&syni gferi^rally. is shown here by 
given a th^maj ^ergy^^|^ ^ 1 fe^high-pre^iB ^^e^'6r 1.31 ahd reheatfer 131 rep- 

pressure ^fbin<| r 42 vj^ : ^ ^^tup deam; v ^entativei^ for^Wine^ of rfescnption with oth^r por- 

recovery passage 37 and the interrhed?ate pre^r'e fifcms thereof being orrottW/Numer^ 
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high pressure steam passage, which supplies there- up toward the rating and when an outlet pressure of the 
through a high pressure steam from a high pressure : ' y high pressure superheater 131 reaches 40 ata, achiever- 
evaporator (HPEV) (not shown) to the high pressure : - mert 

superheater 131. Numeral 1 34 designates a reheated ^ : 121 is closed so that tfie high pressure superheated 

steam passage, which forms a passage for supplying a 5 ' steam frdWtfie high ^^i^e Superheater f31 off the 

steam, which has been made up at th e reheater 132, to A 0 waste* heat re^ery balert 30 supplied "into the high 

the intermediate pressure turbine (not shown). J pressure turbine 120 via a superheated steafri passage 

[0104] It is to be noted that the figure here shows phi* ' / 124 and the opem^orris^swrtched to a fated operation, 

the basic cpppept using connecting fines arri feven in /* T^hus. tet ^ r ori^orrt this £tage, while the high pressure 
case where ..same one fine is used for showing two; or "! 10 ^xhaust steam frcim the high pressure turbine 120 is 

more passages, an exhaust steam passage 115 and * ^ ' / ^ the high 

the recovery passage 123. for example, there areipro- \ temperature pbrtdns 110a. 110b and 1 11a oi the gas 

vided stop valves on the way. where needed, and the ' turbine 1 10 arid the combustor 111 for cooling thereof 

respective flow directions therein are suitably regulated v via the hip jy^^^exMust steam passage 122, the 

to meet predetermined operational Erections; for exam- is / bboling steah/fe heated through coofing of said cooled 

pie, the exhaust steam passage 1 15 k directed to the ; portions to be ^h/en a thermal energy and is 3ed into the 

left in the figure to connect to a condenser i 2& and the 'wttermed^^^^ turbine (not shown) via the recov- 

recovery passage 123 is directed to the right ih the fig- j ery passage' tasHhfr ireheAter 132 and the reheated, 

ure to conned to the waste heat recovery boiler 130. -Steam passage ^134 to be recovered of the thermal 

[0105] Also, in a portion surrounded by A in the figure "£6 Energy. .t&i*^*^\y&*\y* i ! . > : / o ^ 

comprising the gas turbine 1 10 and the combustor 1 1 1 , [0111] ^D&il^glb { ih)0 ^^^-e^odifnerit,- the gas 

there are provided stop valves upstream arid down- 8 turbine 1 10 is start^ wfth the x^'ing steam passages 

stream of the high temperature portions 110a. 110b and ; df the hi#i ^rhjierafiife ixwiionts 110k, 110b and 111a 

111a, respectively, so that the respective passages of the gas turbine 1 1 0 and the Combustor 111 being 

thereof are openable and closable although not shown 25 closed so that rib drain etc. Is allowed to come ih there, 

in the figure. . ; aixl is warn 

[0106] Operational function of the present embodi- which needs no cxwling of the gas turbine cro 

ment formed as mentioned above wiO be described. tiona Then, when the own boiler steam gdietoted by 

That is, in the power plant, there are often taken place the waste h 

plant starts and stops such as in WSS where the plant 30 mined stearti condition, cooling of the ; ^s r turbine 
starts and stops once a week, in OSS where the plant cooled portions is started and the rated operation fe 
stops once a day and starts on the next day or after effected finally in the rated steam c6ik^'h} :i - r By''ihe 
completion of a periodic inspection. ' operation being done in said procedures. 4 the gas tur- 
[01 07] When the plant is so started, the upstream and bine coded portions are gradually elevated off tempera- 
downstream stop valves of the high temperature por- 35 tore and %i#r js'^^&Z'Kdnibe "ieten wheh the rated 
tions 1 10a, 1 10b and 1 1 1a of the gas turbine 110 arid operation approaches arid the own boiler steam from - 
the combustor 1 1 1 in the portion A are closed and the 'the high pressure superheater '131 cdriies there- 
gas turbine 110 is started, pccursno^ 

[0108] The gas turbine 110 is gradually speeded up in ability and safety c£n be realized ' - . < 

said state to reach a low load of approximsitely 20% 4b :pi f i 1 2] Ki&fc 3 seivehtti ^inl^ifTOm SciSifdinc/ to the 

load from no load which needs no cooling of the high \ present invention will be described with refetenefe to Rg 

temperature portions 110a, 1 idb and 11 ia and is then L ^I; It is to W noted tfiat s^e c»m^nerte 5 or parts as 

held in this state of load to be maintained until the own those in the mentioned first embedment ate given 

boiler steam is generated by the waste heat recovery same reference numerals iri the figure with fepeafec 

boiler 130 45 description' being omitted ? ' ^ j; 

[0109] When the own boiler steam of the waste heat [0113] In Fig. 6, -numeral 1 8 desi^ates i dust coOeci- 

recovery boiler 130 comes to a steam condition of .109 filter, which is cfcpk&eci on the way of the cooling' 

approximately 20 ata, then said stop vah/es are ppened steam bifurcation passage 15, that is, near an irilet Oi 

and a steam from the high pressure superheater 131 is ' the combustor 13! Numeral- 19 designates also a dust 

supplied into the high temperature portions H iba, 110b .^I^l^ng'jftt^^^ch' iC^sp^^'^the- way^ of the 

and 111a of the gas turbine 1 10 and the combustor fit " ] * cooling stie^m Jsi^pply g^s^age^4 far staying there^ 

via the by-pass passage 121 so as to start cb^ng of the ' | 'ttvough the iaj^St ste&n tfie cooling steam ^rbm 
gas turbine 110 and 'the combustor'' 1 11 : [ 1^' : cbojin^; * r tip high pr^ure'ft^ 

steam which jias passed ihroujgh the.higri fer^^tLire % " i&tion 1 1a 'of tfie ^yft&ife.llf r b * v ' :i l} 

portions 110a, 110b aid itla pf the ^ft^birfe 110 55 ^'fdl14] TTiese 

and the combustor 111 flows to the reheaWr)2t2 via tfie shown in detail, W&'ccki&^ 'rri&sri ? 
by-pass passage 123. / J - Y'- 

[01 1 0] Then, the gas turbine 1 1 0 is furttier speciiej. V - * 1 out easily, trie mesri aze is ? ir? k ^n^fe of ititf iii ffJOV" 
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jim. If the mesh size tepmaller than ^^ge c lwoi}5g^ ; ^, : <<, J0120] , . Jhe feed water, ts firsj passed through the 
tides in the stefun^ impurity redwing, dejripe 60 which has a 

long hour ^e : th^eGf ^.ihatfr ^ , capacity to treat w#er in the, amount corresponding to 

mesh bec»nies c ne<^^^ SPP^fli! , jhat of the fe^^^ ^f^f is jW into the waste, heat 

steam 15 , of ahigh ,terrpera^r§ : ^ bpiler 2& 'j^bje \fi^ted beoom^ the high tern- 

exchange y/orH pf ,the™$sh.js ffitcvb. . Sl } ^ r g^,..* : (kJ : v pprature water by the^xclusive ^norrrizer 70 tor heat- 
[0115] f By selecting Ihe ^ngei ofv^roe^ asinienr fh 4 , jog the feed I vyater and is then led into the feed water 
tioned above;f.ftne particles in t the ^tearrjip^^thrpygh j ri /imping 71.; The high tehperature; water from the Wkl 
the mesh to enter therhigktemperatur^ portion a%a,pf &at«; PWng r) > stayed into cobOng steam pipings bf 
the gas turbine ;1 1 and'the tail tube cooled portion : 1 3a - ;$ e ^^ng.blad^by ttie feed water spray nozzle 72 so 
of the combustor 13 . Nevertheless, be^use^ ^€^mi. ^ q ji that the steam flowing through the high temperature 
flows there at^fiig&vdodty/m^ 11a of tfiegas turbine 1 1 is adjusted of temper- 

accumulation of tbprfineparticjes in thfl passage f Mgtri srir ^ re appr^ately for cooling of the moving blades, 
ther, solid .particles of irjipuritiesipfcd^ Qr.ij>[9121J Said exclusive ^norhizer 70 is made such 

in the respective steam passages, feeing . I^ger.^a^ ^ijs ;.• v fhat an existing economizer in the prior art is separated 
mesh size usually, are fernov^by th$ mesh^ only the feed water for cooling 

enter theingh temperature portion Its and *&;tail t^e^f. of the mpying ]. bjadjes. Also, the impurity rernoving 
cooled portion i1 3d; hence ^blockage ofj thp pas^tge^o ui . device 60 is made exclusively for the feed water sprayed 
due to these dropped solid particles can be prevented. v > , -injto the steam for ceiling of the moving blades so as tp 
[0116] ^sq^e^^eth^me^ *?r»£? compajrt^^^er^^t^e.is needed no large 

100 to IQOp ,^m, /dropped. ,6olkj j^rjfel^f ^[ft, 1 e ll iiS?** 0 * for - removinjg ^impurities from an entire water 
steam pipings, only a^a remw^ Jt^^ i^^^^Jjrj^:., ^ ]^ ^turning to *e y^siVKeat recovery boiler 20 and a cost 
particles pass ther^tfrroMgfy a Jong .hour : ms^ .J^^jp^ tt .V \ * reduction c^n Jbe'.f^^i^ed. 

becomes po^blft r ^rid .fre^^y^f t . v< [01 22] In the ar^e.j the invention has been described 

mesh du^ to cloggir^te the embodiments 'frustrated in the figures but the 

£0117] »t i Ao- 4 ^ghth :embo^m^rdL ^f^r^rjg J$ \tjie * n ^ ; Vnyention i§ not limite^ .^ijereto but needles? tp mention, 
present ir^e^n^be d^tf fc^wi^ ^SP* be added ^^jlou? rrtacfif icatioris in trie concrete 

7. It is to I^ ro^ of the invention as cfairhed 

those in ^per^pr^d fiqa .eim^m^^e ^^''V.^ebetow... ,. t • 
same reference nufnerc^ in th? figure with ^^a^C w\.\ t . * 
desaiptionib^ng^tted 0 ' r ,, ; r? , '7, ... \^ ^ .'V ^DUSRIAL AP^LIcAfelUTY: 

[0118] In Pig, 7 u nw&j$3d4^ 

removing i^i(^ ; is.^xql^iva^ U PM23] According to the fink 'invention hereof, in a 

particles oftS^W-and^e likaiH: f^^jwat^^'is^ja ^ * f /rambined qycle pow^plarit cphsfructed' of <fon*inaton 
capacity ( ^c^n(£i^ 4 tQia.^^d wafer spgy ayr|o^ r ^.. J.^ a gas turbine' plant/and ; a ' siteam 'turbine ptent and 
Numeral Jg : des^gnadt|?s \.an ecpnpmlz^^r^ if ^]u- ; 1^' ? " *. j^^ising a' waste recovery b&ler for generiatiriga 
siveforh^r^^^pr,f^watW turbine driving steirh by use of gas turbifiet 

of a capacity corresponding to^ ar^ heat; steam supplied from ah intermediate 

water. Nur^ei^7,t ^ '* , • jlj&ssure evaporator is ^ mixed into a cooling steam sup- 

numeral 72^ignaj^ ? %ed ^t^s|^^^J§^ 40 £ ^ passage Jjpr sup^f^ng merethrbiigh ^ exhaiust Steam 
[0119] > r Tn^^ling^^^fim Jed" jnjp th f e ^<pngry / .^jfr^m a high pr^sstre^stearn turbine is cpdlinjj steam 
blades otthe h^b t^n^ra^ j^ ijito a high tei^e%ure portion of 'gas tojrbine/ 

turbine 1 1 ,^ejng u^ly p/.n^ & . f |iereby cooling steam temperafcjre is lowered with the ." 

that appropriate for cooGng'dfth^ ^ire i: effi6i«Tcy b^ng by no v means lowered and the 

be led into the bi^ turbine high temperature portion which is a portion' 

ing of th$ ,st3tjoi^ > '1\ '^! be ^^^i^.^^atisfipd by a'le^-hiatr^stant 

appropriaijB ; ^.TOer^re ^ <^ so eis to fee deigned and made of a less eo^en- 

blades of tfip high Jt^r^rature ^rtiqp, tlf ?rr . > ^ e **** ^^^^ material and yet a suffidient 

than that Q% CQolin^otth^tation^ ^ ^^f^pount of tjiex^ofing^ is secured so a^ to ensure 

steam led irt9tii^ c^ling^ '^u^ a pprhbiriecl cyde power plaint 

ing of tha_n^9vjng : |^<^^j j^^^.^^^r y ! ' 7^ ich fe r ??^ r *^y j ^ c '^ en * . if i the cbst saving aspect 
the temp^a^. ^pri^/s^^ /^r^ the coping 

adjustment is done such thatfejpfJ ^er^m'^ef^ V^i)J24] ^q^rajp^e second iriventioh 'hereof, in a 
water spr^/io^e f ^Js^?^^ 70'^so ^mbined pydf^ f^iar plant con^ri^ecl of i^rnbination 

as to apprq|<^'.^r^jip^j^ lemp^;- & of a gas turbine plant'; and a steam turbine plant and 

ature arjj^n'^- for^^ Wades . / o^nprisinga^ 

318Xfor n g^irr^jB/ar^ ^ ^eam turbine driving steam by use of gas tOibine 

perature water. % ' ** " * ' ^ '©chaust titifc "e^usVit'earh SLppft^frbmihidhpres- 
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sure steam turbine and cooled by gas turbine fuel is that when inlet temperature of the high 

supplied into a high temperature portion of the gas tur- ; ,; r fe set to ap^rdximately 566°C. iniet pressure of the high • ^ 

bine as coofing steam, thereby the gas turbine high tern- pressure itfrbme adjusted to 165 16' 175 ata-arid- * 

perature portion which is a portion to be cooled can be ^ exhaust steani <6f trife high pressure turbine is main- 

satisfied by a less heat resistant ability sb as to be "$'" : tained to ten^erature of 330 to 250°C and' pressure of - 

designed and made of a less expensive aind easily - 35 to 30 ata, thus the coding steam of approximately 

obtainable material and yet a sufficient amount of the 566°C at tfre hii^ pr^ure^^ifu^e inlet © adjusted to 

cooling steam is secured so as to ensure a stable cool-^ the pressure r of 165 totYs'aia^thereby the property of - 

ing. Thus, a combined cycte power plant which is the high pr^ure '^haust steam at tiie high pressure ^^^^^ ; 

remarkably excellent in the cost saving aspect and the 10 turbine outlet is lowered td 330 to 250°C and 35 to 30 

cooling performance aspect can be obtained. ata and the cooling steaiin temperature also can be low- ; 

[0125] According to the third invention hereof, in a ered without lowering of the efficiency of the ^Jown- ^ 

combined cycle power plant constructed of combination stream equipments, the intermediate pressure turbine ! 

of a gas turbine plant and a steam turbine pliant dhd for exam^fe^H^oe^; the ctownstreani gas turbine high 

comprising a waste heat recovery boiler for generating a is terrperatur^^rtibrt wrtidh is i portion to be cool ed can 1 

steam turbine driving steam by use of gas turbine * be satisfi^iiy^ai'te^ 

exhaust heat; steam which has cooled a gas ^ turbine made of a 'i^^^M and ^ily obtainaWe rrafer^ " 

high temperature portion is led into a r^i^^ for and yeta s^e^fir^^ : > 

reheating thereof, thereby even if the cooling steam the entire ^ider^. 5 TO 

which has coqjed the gas turbine high temperature po?- 20 plant whicJvte -r&r&jfc&ty excellent in the cost saving f ~ - ; % 

tion is not given a sufficient heat said codling steam is aspect arid thcS .cooling performance aspect can be 

reheated at the reheater to be given a sufficient heat obtained. .ii-*">; s . :y. : . t \ r. :Ti; icyxo ' 

securely and this heat so made up by the reheater ts" [0128] X^i^in^ to the six^ invention hereof, as a «s 

recovered at a downstream intermediate pressure tur- gas turbine cooling method in the combined cycle - r ^ 

bine etc and enhancement of the entire efficiency can 25 power plant rnehtioried in any one of the first to fourth 1 : C 

be attained. jV invention^ the gas turbine high 

10126] According to the fourth invention hereof, in a supplied into wrth auxFiiairy steam prior to star* of : the 

combined cycle power plant constructed of combination gas turbine '^^ih^ We' iUtixhe is' wart ned up;ihe' 1 1 

of a gas turbine plant and a steam turbine plant and auxiliary stekrh being of pressure 6f combustion gas 

comprising a waste heat recovery boiler for generating a 30 pressure brmiarW : 

steam turbine, driving steam by use of cjas turbine ' gas turbine ii 1 !^ 1 stahed'in that ^e to do a hoitfirig • r ; ••• * * ■ 

exhaust heat; a high pressure turbine by-pass passage * operation for a predetermined time at a p edetenriried • 

is provided for connecting a superheated steam supply load; when steam from the waste heat recovery boiler 1 :; 

passage for supplying therethrough superheated steam comes to a' condition bf the auxiliary steam, supply of ^ ^ 

from a high pressure superheater into a nigh pressure 35 the auxiliary steam is stopped and steam coming, by- : " r 

turbine and a coofing steam supply passage for supply- passing the high pressure turbine, from the high pre£- : ° 

ing therethrough exhaust steam from the high pressure sure superheater of the waste heat recovery boiieV is : 5 

turbine as cooling steam into a gas turbine htgh temper- supplied ihtrj the gas turbine high temperature portion; • • ^ r ^ 

ature portion, and when the plant is to be started, the and wr^ri ot^ut of the waste heat recovery tXKier -° - 

gas turbine is warmed up in advance by use of an aux- 40 comes to a r attrvg v trf&£df;'^^ ; 

iliary boiler or its own compressed air or the like and an exhaust st^m ! JKbrri' ; ^'hlg^i pressure i turbine i^ stp- - :v 

initial steam, generated at the own boiler is supplied into plied into the gas turbine high temperature portiorrisa as 1 

a cooling steam passage of the gas turbine yja the high to switch io a fkted o^eratidn /'Iw [iciQUing^efurt' is &s r 1 

pressure turbine by-pass passage so that the warming- supplied with saici j^e&f'es *b^^-^tal^;^^iy v a 1 ri 

up is assisted and accelerated. Further, when the own ! 45 safe and stable ^artinjgfpf »' : 

boiler steam starts to be generated staWy,_ said Hijgh; occurrence©^ : '> 

pressure turbine by-pass passage is closed and a high cooled portion to be then switched to a stable rated 

pressure superheated steam is introduced the high operation! f pjfef ^i&iiityr Bf thfc^kinci Sf the combin&f ' >: - 

pressure turbine and cooling of the gas turbine is done cycle power pfant can be further ehh^nbed. - : ?3 v r • - ** 

by a high pressure exhaust steam fromthe hi^h p^es- so [0129] Ac^itifihg to th6 Seventh invention hereof, as a &l !1 - 

sure turbine. Thus, said gas turbine cooling can be done gas turbine { cbofir^' Jti^tfiod in f the;' corhbiried : cyd6 ' H 

stably with none of thermal shock etc. .being i caus^j,,' power plant mehtibh^d in ahy oh^ of the first fe'iciirtfi' ; '- 

stability of operation is enhanced and a highly reliable' inveritionsYwhte%^'^ 

plant can be obtained. , t; „. „ ir;v; . , 1JI ^,.. 1 tion is d<^| upsti^^ ihe '^-"^ 

[0127] Apoprcfing tp^he fifth, iivention h|f^.^$"a ^ "''55. gasturbine^ss^ bs-Bv.tJ 

turbine cooling method "in ttie €ornbin^' : (^^ pov^.;.. ,\ deterrrtn^ ^rro ^ y 

plant of the first invention; the gas turbine is supped J coofing of the g^ %p^ ^ - 

with the coplmg steam while the plant Is, opened such when the waste heai VefcoverV boiieV ddrh^ to h ^ii^vei'to s 01 
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generate 3 predeterrniped pwm tjpiler ; &e^, v the,£^ng - 
is opened and ;st£a^i poming, py*pas&ngjhe $gr^£Sf 
sure turbine, from the high pressure superheater qf t^e 
waste heat recovery, boijer i$ surfed intp^Q gas'jtu'rj t 
bine high ^errp^rature portion^ar^^^ 1 ) 9MfRHl'.9 f tj?S 
waste heatrecpv$ry boil^x^ni^tOja^tinq thereof, ,ttie 
by-passing^ ctossd and ^dj»LHSt r ^^gi^~fe9i7i^^^Ji^|i r 
pressure Jurfeine -^supplied into the ^ f Ugbjr|e Ijjgh. 
temperature portjpn>so as.fo §witctytp ^r^t^jd Qppr^tipn. ' 
The cooling steanvis so supplied with saidprp£j^ure§ ; . 
being taken, thereby the gas turbine, high temperature^, 
portion is jhe^ecL^pd cooled gradually ifjjja ^cjc^^J^ { . 
ance betw^n th$ terrp^tuj^e ^j^t^r^ 
. ing and a safe end sjafcrf e ste#pg pf toft f^riitaj^s • 
without ocoirtenqe^f ^h^rma^ 

We to the cpcfai, portion tpjpe then svykch^lq §.st^Jp c ^ 
rated opetratipn, thus reliability,, qf ihl^ ^ A ki^ r ^..^ ja^^x^iu f . *V 
binedcydeppwerjpjamcw . 
[0130] Accordingto tire eighth jnvert^ , 
combined cycle power-plant mentioned m&W @fl# 9*^. ^ 
the first to fourth inventions; a dust collecting filter is pro- j- ?s> . 
vided at a cooling steprp/nlet portion of the^^^turfcjin^ 
high temperature pp$on and # mesj* of ^e du^tj^epj-; . h| * f 
ing filter a range r pf? 10$ to rlO^^i^^lji^^... ^ ... 
dropped splids; such t as scales fetcj in th^e ; tp^p^^m^^^. 
system ar« } prevented, ffcro RQn^]Vi v 1 !^^^^^^^!^^ «^ • 
steam pai^ge, r 1i7egue^ : ' 

lecting filter due^p, .fine parljdes.is jess£ne$ so t/pt, »a . " : " 
long houfcpse^ther^^^ 
exchange wor^ of, sar^^ 
ities are n^ed^du^ 

into the gas- tur^ef^ojing.^e^rh p^^qa ^ ; ^m^ ; \ 
pie structure -of jjrije^u^t coiling f^ : .^f4f^j^ tj^j : ^ '! 
use of a d^d^am^ : porti^. ( ^, '\ ^ ^i^^'^H^'^ 
[01 31 ] F^Hy.^cppt^ng to the riirjth inv^tij^^irl.th^, ; as 
combined fy#& (P^e^p^nt rrjentioned in ^y.^pe^..^;^' 
the first to Jpurth^nyf^fo jafe prqyjd^, an Jp^R^:; X. 

rity rernovingdevi^ ^^iaj^C^^f % frying ^ J , 
for tempertfur^^ 

exclusive .for, heating. jb£ ; wajer frpnri . 5fW. . IppH^ \fP.; T . 
removing <5evice-pnd, a sprsx'nc^ijM j 
water heate^ 3i said' .fipooqnjjzer jntp. c^Ji^^teap? 
which flows into the gas turbine* high tem^^atiire por-. ^ f " # 
tion, so that said Icopling steam jg^ 
ature. Thy^ orfiY r ^ Y j^p^n^ ^u^iv^ i ji^nf^^ 
removing d^vifo 9f $6 capacttypnly to r treat the ymjterjojf 
the amount Qpp^ssar^ for adjusting the .goofing QjteqjrV 
temperature and the exclusive ^ejjorj^mfz^r ^^reatifig^ 
only the ^er^fc^^ 

device, therp ere rpadefj no^rge {^${jjps ^j6 t 5s an . 
impurity r^yii^g ^^.fejr, ^HrW^ 
the water ,foitfgn^ 

facilities c^p^Q .^c^i4yjefl. Morjp^^^^^^te^ tip be t 
sprayed is^j»t€^ 
of a tenvis^^fj^^ 
hence the^u3^^t,c^4hg,r 
becomes fa$ili^ted Land 
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1 . A combined cyple power plant comprising combina- 
tion of a gas turbine plant, a waste heat recovery 
boiler and a steam turbine plant; 

said gas turbine plant being constructed of a 
gas turbine, an air compressor driven by said . 
.. gas turbine and a corrtfxjstor for burning fuel, 
together with compressed air supplied frorti 
said air compressor; 

said waste heat recovery boiler being for gen- 
erating steam by exhaust heat of said gas tur- 
bine as heat source and being constructed of 
portions, mutually connected by pipings, of a 
high pressure steam generating portion, an 
intermediate pressure steam generating por- 
tion and a low pressure steam generating por- 
tion; said high pressure steam generating 
./ portion comprising a high pressure eoond- 
mizer, a higf? pressure feed water pump, a High 1 
pressure evaporator and a high pressure 
superheater ; said intermediate pressure steam 
. generating portion comprising aih intermediate 
pressure economizer, an interrhediate pres- 
sure feed water pump, an intermediate pres- 
sure evapdrafor and an intermediate pressure 
reheater; and said low pressure steam gener- 
ating pcMlion comprising a low pressure econo- 
mizer, a low pressure feed water pump, a low 
pressure evaporator arid a low pressure super- 
heater; and , 

said steam turbine piant being constructed of 
steam turbines, mutually connected by pipings, : 
of a high pressure turbine, an intermediate 
pressure turbine and a low pressure turbine; 
said high pressure turbine being supplied with 
high pressure Steam from said high pressure 
steam generating portion; said intermediate 
pressure turbine being supplied with intermedi- 
ate pressure steam from said intermediate 
pressure steam generating portion; and said 
low pressure turbine being supplied with low 
pressure, steam frbm said low pressure steam 
generating portion; 

characterized in that steam supplied from said 
intermediate pressure evaporator (26) is mixed 
into i'a cTOlin^ steam supply passage (14) for 
supplying" tHer^through exhaust steam frorh 
said higji' ^prfesiure turbine (41) as cooling 
st^am irrto a' : high t€*hperature portion (1 1a, 
1 3a) to^^led of said ga^ turbihe (11)/' 

A combined cycle power plant comprising combina- : 
tion of a QaV fdrbiiie ^Dlant a" waste heat recovery 
boiler a^ast^rh\urbirt6f*ant; ? 



gas furbihe plant b<Sng ranstrubted df a 
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one of Claims 1 to 4, characterized in that there are 
provided an impurity removing device (60) which is 
exclusive for treating water for temperature adjust* 
merit an economizer (70) which is exclusive for 
heating the water from, said impurity removing 5 
device (60) and a spray nozzle (72) for spraying the 
water heated at said economizer (70) into cooling 
steam which flows into the high temperature portion 
(11a. 13a) to be cooled of said gas turbine (11), so 
that said coofing steam is adjusted of its tempera- 10 
ture. 
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